SUMMARY: Twenty-three rat lung specimens collected in outbreaks of hemorrhagic fever with renal syndrome (HFRS) in three medical institutions were inoculated onto the VERO-E6 cell monolayers. After several blind passages, an agent growing serially in the cell cultures and reacting specifically with known HFRSpositive sera was isolated from two of these specimens. The two isolates were antigenically identical each other. The agent, named strain SR-11, was identified as the causative virus of HFRS by its antigenic identity with E6 cell-adapted HFRS virus, Hantaan 76-118 strain, and the specific reactions with sera from various HFRS cases.
INTRODUCTION
Since 1976, a number of outbreaks of hernorrhagic fever with renal syndrome (HFRS) have been reported in Japan from various medical institutions, e.g., Tohoku and Niigata University Medical Schools and Wakayama and Sapporo Medical Colleges, carrying out animal experimentation, specifically among those handling laboratory rats (Kawamata, 1981) . Outbreak of HFRS among the general public was restricted to one episode in Osaka during the period from 1960 to 1970 with more than 100 cases with two deaths (Tamura, Yatsukura and Okano, 1971) . In these outbreaks, sera from convalescent cases were demonstrated to be positive for the antibody against a Korean hemorrhagic fever (KHF) agent, Hantaan virus, by Dr. H. W. Lee, Korean University Medical School (Lee et al., 1979) . Attempts to isolate a causing agent(s) carried out by many virologists in Japan have so far been unsuccessful. Hantaan virus, isolated by Dr. Lee in 1976 from a field mouse, Apodemus agrarius coreae, in an KHF-endemic area in Korea and identified as the causative agent of KHF (Lee, Lee and Johnson, 1978) , was adapted to the proliferation in cultured cells and used as a sole KHF agent suitable for virological characterizations (McCormick et al., 1982; White et al., 1982) . We obtained VERO-E6 cell line, which was used successfully for Hantaan virus growth (McCormick et al., 1982) . Rat specimens related to the outbreaks were inoculated into the cell culture in an effort to isolate the HFKS agent directly onto the Vero E6 cell monolayers, resulting in isolation of HFRS virus. This is the first report of isolation of the HFRS virus from a Japanese outbreak and by directed cell inoculation.
MATERIALS AND METHODS
HFRS-related rat specimens: The rat colonies related to the outbreaks were extinguished before the laboratory decontamination in emergency situations. Rats of a part of these colonies were autopsied and lung specimens were collected. Twenty-three specimens from three outbreaks (Niigata 4, Wakayama 5 and Sapporo 14) obtained under suitable conditions were used for virus isolation.
VERO-E6 cell culture: It was received from Dr. J. McCormick, Special Pathogens Branch, CDC, USA, and cultured in a growth medium of minimum essential medium (MEM), Eagle, with 5-10% fetal calf serum (FCS) or a maintenance medium of MEM with 1-2% FCS.
Standard HFRS virus antigen: Antigen slides lot No. 803487 with smears of VERO-E6 cells infected with Hantaan virus 76-118, fixed with acetone and sterilized by gamma-irradiation, were the gifts from the Special Pathogens Branch, CDC, USA.
Standard rat HFKS antiserum: Rat serum Wakayama 802, having an indirect fluorescent antibody (IFA) titer higher than 1:1,000, determined by Dr. Lee, was provided by Prof. H. Miyamoto, Wakayama Medical College, Wakayama, Japan.
Sera associated with HFKS outbreaks: Sera from 20 HFRS cases at various stages as listed in Table I were provided by Dr. Song Gang, Institute of Virology, Chinese Academy of Medical Science, Beijing, China. Eighteen human and 20 rat sera associated with HFRS outbreaks in Japan were obtained through Dr. J. Kawamata, Institute of Microbial Diseases, Osaka University, Osaka, Japan.
Antibody assay by indirect fluorescent antibody (IFA) staining: Antigen smears on the slide glasses were fixed with acetone and overlaid with serial dilutions of human or rat serum to be assayed. After 30 min at 37 C, slide glasses were washed thoroughly, then overlaid with 8 staining titers of FITC conjugate against human IG's (G+M+A) (Hyland) or rat IgG (Cappel) to be kept at 37 C for 30 min. IFA titer was determined as the endpoint giving specific granular fluorescence in the cytoplasm as observed typically on Hantaan-CDC slides .
Safety measures: Handling of specimens supposed to contain infectious HFRS agent(s) and acetone-fixed slides were carried out in the laboratories of P3 containment level.
RESULTS

Virus Isolation
Five to 10% homogenates of rat lung in MEM with 1 % bovine plasma albumin were inoculated onto cell cultures and subcultures were made at 2 weeks' intervals. The infected cells in the subculture were suspended by trypsin treatment, washed, and mixed with an equal number of fresh normal cells in the fresh growth medium. A part of the infected cells was smeared for antigen check by IFA staining. The culture lines started with two specimens taken from the Sapporo outbreak (Nos. 11 and 14) were demonstrated at the second subculture to be positive for IFA antigen and stained specifically with rat HFRS antiserum. The antigen-positive cells increased in number from about 10% at the second subculture to nearly 100% at the 5th subculture. The antigen was detected as granules in the cytoplasm and the intensity of the antigen within the cell increased by the 14th days after the subculture (Plate 1). There was no visible cytopathic effect (CPE) in the antigen-positive cultures. Whole-culture preparations containing the infectious agent was prepared by one cycle of freezing-thawing in the antigen-positive cultures. Whole-culture preparations composed of cell debris and culture fluid, containing the infectious agent was prepared by one cycle of freezing-thawing of the 5th subculture. They were named SR-11 and SR-14 strains (passage codes SR11-VE5 and SR14-VE5, respectively) and served as the seed virus stocks. SR-11 and SR-14 were indistinguishable in IFA antigenicity against HFRS rat and human sera. SR11-VE6 was prepared as the working virus stock to be used for characterization described below.
Preliminary
Virus Assay with IFA Endpoint
The working virus stock (SR11-VE6) was sonicated and the supernatant of low speed centrifugation was diluted serially 10-fold and inoculated onto E6 cell monolayers in 8-well chamberslides (Labtek). Two wells were inoculated with each dilution and 7 slides were inoculated in the same way. The slides were harvested at intervals (Table II) to be stained with IFA using the standard rat serum. The IFA endpoint was determined as the dilution to have at least one well with detectable antigen as shown in Table I . The endpoint titers rose with the length of incubation to reach to the highest titer of 105.5 in 18 days. Specific fluorescence on the cell monolayer was focal until the 5th day of infection, suggesting the possibility of more accurate focus assay after the improvement of the procedure. A tentative infectious dose in the working stock virus was calculated at 106.5 TCID50/ml (Table I) . in Table II . The titers were plotted against each other as shown in Fig. 1 . Between two titers expressed in log2, a linear relationship of y=0.89 +0.40 (y, against Hantaan-CDC; X, against SR-11) with a correlation coefficient r=0.93 was suggested. Similar assay with sera associated with outbreaks in animal laboratories in Japan (16 human and 20 rat sera) demonstrated the same level of relationships with r=0.97 for human and r=0.87 for rat sera. These results may be interpreted as suggesting that Hantaan-CDC and SR-11 viruses are identically reactive to the rat sera associated with Japanese HFRS outbreaks and with the human sera from both Chinese and Japanese HFRS outbreaks.
Virus Identification
SR-11 Antibody Titers in Relation to the Clinical Stages of HFKS
IFA antibody titers against SR-11 virus listed in Table II were plotted against the days of disease. As shown in Fig. 2 , IFA titers were correlated clearly to the days of disease (days after the onset of fever), reaching the highest titer on days 13-16, and declining slightly but sharply until days 21-23, followed by a stationary or slow decline phase thereafter, irrespective of the severity of the disease. This time course is reminiscent of the report on Korean cases by Dr. Lee with apodemus lung antigens (Lee et al., 1978) and suggests that SR-11 virus is closely related antigenically to the causative agent of HFRS in China and possibly in Korea, too.
Denial of Reovirus Contamination
Antigen slides of LLC cells infected with each of reovirus types 1, 2 and 3 were prepared and stained by IFA with standard reovirus antisera of immunized chickens. IFA titers in homologus combinations of virus and serum were 1:3,200 (type 1), 1:3,200 (type 2) and 1:1,600 (type 3). IFA staining of SR-11 antigen slides from infected E6 cells which were HFRS antigen-positive with 8 staining units of these reovirus antisera was negative. The possibility of contamination with reovirus as reported with the original Hantaan virus strains (Goldgaber et al., 1982) was ruled out.
DISCUSSION
The name of hemorrhagic fever with renal syndrome (HFRS) was adopted by the Working Group on Haemorrhagic Fever with Renal Syndrome held by World Health Organization in February, 1982 (WHO, 1982 , to deal with the infections characterized by fever, hemorrhage and renal involvement, including epidemic hemorrhagic fever (EHF) in China, Korean hemorrhagic fever (KHF) in Korea, and nephropathia epidemica (NE) in Europe. The nomenclature of our present isolate was based on their agreement. The HFRS outbreak in Sapporo (Sapporo Medical College, 1982) and new urban types (Song et al., 1983) ], Korean (Hantaan) (Lee et al., 1978; McCormick et al., 1982) 
